In the late 1920s and early 1930s many dry flowmeters were adapted for anaesthetic use. Most of the equipment was derived and adapted from industrial equipment and, as companies took over the development of anaesthetic equipment, publications about the equipment became scarce in the medical literature. Consequently the history of these early dry flowmeters is rather disjointed.
Dr Karl Connell, an instructor of surgery at Columbia University, claimed to be the first person to measure anaesthetic gases accurately. In a pamphlet accompanying a 1937 version of his machine, he wrote, "The Connell apparatus of 1908 was the first apparatus to carry precise measurement of anaesthetic gases. The kinetic flowmeters employed in this apparatus were of the piston type. In the model of 1912 and the War model of 1917 these pistons were superceded by the rotary vane type of flow gauge." While this information may be correct, there are no details of these early flowmeters available and it is certain that Cotton and Boothby's bubble bottle, adapted by Gwathmey in 1913, was the first attempt to measure anaesthetic gases that gained widespread popularity.
Connell's later development, the ball bearing flowmeter, did achieve widespread recognition and usage in the United States. This flowmeter was developed and patented in 1934 and consisted of a tapered tube set on a 10 degree incline. Each tube contained two ball bearings and the readings were taken from the junction of these bearings. The taper of the tube was compound so that high and low flow rates could be accurately measured. The tubes were 16 cm in length and the patent documents claims "readings over the first three inches of excursion accurate to 10 cc of gas per minute". The ball bearings were seated in a stainless steel spring and the upper limits of the tube contained a recoil bumper which allowed the balls to be effectively removed from the path of the gas when large volumes were required in an emergency. "The ball flowmeter as now constructed is the most sensitive, accurate and compact dry flowmeter as yet devised. . . . Fine flows, coarse flows, and emergency volumes of gas may be passed through the same meter without damage to its sensitiveness. Bypasses, necessary in other apparatus, are treacherous and prone to leak and have no place in the Connell machine."
In Britain, dry flowmeters developed along different lines. In 1928 Ivan Magill requested that Siebe Gorman and Co Ltd construct a dry flowmeter for use with nitrous oxide and oxygen. After clinical trials these flowmeters were fitted to an anaesthetic machine made by Allen and Hanbury for him. Magill continued to use and modify this machine but it does not seem to have been available commercially. He did not publish the details of this machine.
In 1933, Coxeter's developed a dry bobbin flowmeter, which was added to the Boyle machine the same year. The dry flowmeter consisted of a bank of tubes for nitrous oxide, oxygen and carbon dioxide, which were mounted together in a glass cylinder. The tubes had 24 holes each and, as the dry bobbin rose, it allowed gas to flow out through the lower holes into the larger cylinder and then out through a metal tube to the large horizontal back bar. Each tube had different sized holes allowing maximum flow rates of 18 litres/min for nitrous oxide, 12 litres/min for oxygen and 6 litres/min for carbon dioxide. Our specimen, illustrated on the cover, shows a slightly different version with an additional tube for ethylene. There were no controls for the flowmeter as adjustment of flow was made at the cylinder regulator. Controls were added to later models. The flowmeters were added to the basic structure of the Boyle machine, which included an ether bottle, held at room temperature in a water bath, and a chloroform bottle. The basic layout remains unchanged to this day with the flowmeters to the left of the vaporizers The Coxeter dry bobbin flowmeter was used for many years despite the appearance of the rotameter a few years later. Like all dry flowmeters, it was relatively inaccurate and had to be maintained absolutely vertical to prevent the bobbins contacting the walls of the tube. Small amounts of dirt clogged the holes and it was not easy to clean. Others found it difficult to see in dark theatres and one Navy handbook suggested lighting it with an electric cycle lamp. However, despite all these problems, it and others, such as the Connell flowmeter, represented a big improvement on the bubble bottle. CHRISTINE BALL, ROD WESTHORPE Geoffrey Kaye Museum of Anaesthetic History
